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NOTICE: When g o v e m e n t  o r  o t h e r  drawings, spec i -  
f i c a t i o n s  o r  o t h e r  data a r e  used f o r  m y  p - ~ ~ o s e  
o t h e r  t h m  i n  comeczion w;,th a d e f i n i t e l y  r e l a t e d  
g o v e m e n t  procurement oFeration, ;Le U. S. 
Government thereby  incu r s  no r e s ~ o n s f b i l i t y ,  Eor axy 
o b l i g a t i o n  whatsoever; a d  t h e  Pact khat t'ae Govern- 
ment m y  have fomula t ed ,  iZL-nis5eS, o r  i n  any w t y  
sii3;lied t h e  s a i d  drawings, speciTicat ions,  o r  o t h e r  
data i s  not  t o  be regarded by i q l i c z t i o E  o r  o the r -  
wise as i n  any IGanner l i cens ing  the holder  o r  m y  
o t h e r  person o r  c o q o r a t i o n ,  OT conveying any rigkits 
or p e m i s s i o n  t o  manufacture, use o r  s e l l  any 
pa tec t ed  invent ion  t h a t  may i n  ury way be r e l a t e d  
the re to .  
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3ct  ProFuision L ~ h x - z t o ~ y  
California Ins?itLtz of Tecimoloogy 

Pasadena, Cali'ornia 

E 
t The J e t  Propulsion Laboratory of the California Institute n i  ~ e c " m c ; l ~ a  wzis 

established more  than twenty years  ago to underta!<e r e s e a r c h  and development of 

guided missiles. 

pons sys tems.  

missi le--and i t s  s u c c e s s x ,  the S.ergeant- -now entering operational s t a t u s  a s  a sei:- 

ond-generation s u c c e c - ; ~  to the Corporal--were the products of researc l l  and 2 c 1 . x ~ ;  - -- 

meat  efforts of the J e t  Propulsion Laboratory (JPL). 

1 

1 

! 
i 

I 
! 

Until 1958, the end products of these aclivit ies were  mil i tary n.es - 

Fur example, the Corpora:--the nation's first c?,ratioi1&1 guided 

- i- 

1 In the pursuTt of its objectis-c:c- 
I 

the  La5orator-y w a s  responsible for  numerous fundamental davelopmenis ia roc'xe::-:J, 

u xidance, communication, instrumentation, etc. 

i 
I 
i 

These skills, which the Laboratory had developed as the founder of Ame-1-ic~~1 
i 
i 

W d e d  miss i le  technology, were used in the design and construction of this cOUfAti-y'S 

first successful ar t i f ic ia l  satellite, ExrJlorer I. A t  the time of launching of ExploreL* 

I, January  31, 1958, the Laboratory was Endei. contrzct  to the United States  $-~-ix;-, 

i 
t 

- 
and i t  joixed with i t s  cornparion organization, the Ar-my Ballistic Missi le  Agency 

(ABNLA), under the technical leatiership of Dr.  VJernher von Braun, in the laur,c;ir. 
l " j 
1 

! i  of this satc-lli",. 
:Yl'his paper  presents  the resuits of one phase of r e sea rch  car r ied  out 2: tbc  I 

I Jet ?-opulsion Laboratory, California Imtitute cf Techiiology, under Conzract >7-'.5 , -- 
6, sponsored by the  Natio:-al Aeronautics and Space A&ninis-cration. 

I 



i JPL, T t c ! ~ n i c n l  Relcaise SO. 34-241 
I , 
' + ,  

i:i addition to a sc r i c s  of successful hcnc hings of zr t i f ic ia l  satell i tes,  JPL 8 .  

6 

a::d ~ l l 3 3 I i i  12Iii1chcd two probes intended for lunar exploration, P ioneer  III and IV. - 
, 

, Sei thcr  0:' these came sufficiently close to the hloon to mer i t  the label of lunar probe; 

nevdrthcless,  Pioneer IV successfully escaped from the gravitational field of the 

- ~n : . th  to tn:ce up its independent orbi t  around the Sun as  this country's f i r s t  artificial 

I planet. 
1 

This successful launching occurred in Llarch of 1959, three months after the 

LaSaratory iiad been t ransfer red  f rom the direction of the United States Army to the 

direction of the Xational Aeronautics and Space Administration (NASA). F o r  more 

ihan two years, the Je t  Propulsion Laboratory has been one of the three space flight 

centers of :he Nation21 Aeronautics and Space Administration. 

The successful team which launched the ExTlorers and the f i r s t  successful 

Fioneer has been kept intact. 

also has been wansferred to the auspices  of NASA and named the "George C. 

Marshall Space Flight Center. I '  The t h i r d  space flight center has  been organized 

Dr. Wernhcr von Braun 's  group at Huntsviile, Alabama, 

1 

by NASA iz Greenbelt, hlaryland, under the name of the Goddard Space Flight Center. 

The YASA has assigned to each of its three space flight cen ters  their  particu- 

c 

lar  roies in the space flight program. Goddard Space Flight Center has  been assigned 

Lie respons5bility for executing the Earth-satell i te and sounding-rocket program. T t e  

Ifiarshall Space E :$?t Cezter  in Huntsville, Aia5ainaj hzs been given assignrneiit f c c  

dcve!opLment and operation of the launching rockets. The Je t  Propulsion Laboratorj- 

;.z 2asridena, California, has been assigned the execution of the national program icr  

lunar and planetary exploration. The cur ren t  plans for this exploration prograrn a r e  

described ir, this Report. 

s 

I 

. .  
2 



The lunar program is ChnaCteriZed by ct skzidy increase in the complexif2 u: 

The lunar program beJim ic 1 9 6 1  with spacecraft  developrrc t .sploring spacecraft. 

flights and conzinues in  1968 with "rough land in^" missions, :;ect, luA--sr orbi ters ,  

capable of photographing the Moon from a few iiuZ&ed kilomeiers L h v e  it, and l;?c:- 

soft landers,  capable of esploring their inrr,ec?ia?e environs, o c c w  in  the pel-;od ir 

1953 to 1965. 

h. tke second half of the decad?, mere corn;jlicased and l a r g e r  lunar vehicles 

a r e  employed. 

the Ear th  and roving over  the surface t o  extend the exploration program to a mcc.: 

These vehicles a r e  capable of r e t w r i i ~ g  szmples  of lunar materiel T:, 

more  diversified type of lunar rnaterizl and s-uzace, 

The flight schedules to  the planets zi-e li-rnited Sy the 

their  orbits. 

the next decade. 

Figure 2 lists the years in which flights to the 

The Planetary P r o g r a m  will begin in 1S52 with r. Venus fly-by passing c10z-c: 

ezocgii io t he  planet io obtain better resoia-tton i n  planetary measurements than 2.; 

be obtained ei ther  f r o m  Earth o r  an Earth szteilite in i'his s a n e  t ime period. The 

second flight, l a t e r  i n  1962, wil l  gather o ~ l y  iriterpianctary data. 

be made pas t  Venus in  1964 and possibly ir, 1255- 

Similar f;izh:s ,,.,.*I: - 

In 1953, a Mars  s p c e c r a f t  will be Z!i@-tested and in i96.i  will be ~ G U . : :  c.: 

mission to  observe ?.Cars. -4vailabili',y or" the S z k ~ r .  booster in the second iiaif of thi:  

. .  

- e -  



mcasuremcnts indicate thn i  this is p r a c ~ 2 a l .  

% Thz increased capability of Satur:i vehicles w l l i  provide spacecraf t  flexibility 

f:: the exploitation of n e w  discoveries and will allow such a,pecia? missions a s  fly-bys . 
of Xercu ry  and Jilpitcr and a flight considerably out of t:?e ?lane of the ecliptic to be 

flovm iiear the end of the d2ca.de. 

Only the very ear l ies t  spacecraft  involved in  the lunar and planetary programs 

a r e  dcscr:bed here  since only for  these is sufficient design’detail  available to make 

such a description valuable. 

Two vehicles, Ranger 1 and 2, will be  launched during the las t  half of 1951 to 

beg in  the interplafietary-exploration program. Figure 3 shows the t ra jec tor ies  for 

these two spzcecraft  and the t ra jector ies  f o r  Ranger 3,4, and 5. 

77 L=anger I will be sent on a iong eilipticz! t ra jecrory whose apogee is a p p - o s -  

imately one million kilometers f rom the Earth,  which means that i t  will be launched 

wiih a speed only slightly l e s s  than escape speed. Ftanger 2 will be launched at a 

speed slightly more  than escape. 

viciaity of the Ez r th  and Ranger 2 should not, both will spend about the same zrcouiit 

As a result ,  although RZncer  3: should return to ;he h -  

*, of time--the o r&r  of one to two months--m*easuring the c k r a c t e r i s t i c s  of space a t  

the order of several hundred thousand to a million kilometers from the Earth. 
I 

Ranger 3,4, and 5 w i l l  be sent on trajecrorics toward t h e  Moon and will carzy  

wlth them a capsule containing a seismometer .  This  capsule will  be detached fro-: 

the main bus oi the spacecraft, slowed by a retrorocket,  and landed on the s u r k c e  at 

a speea of a few hundred miles  an hour. 



t!ie esperiI>-,cnts 31.e dirccicd towzrd the cbjec-iive of 1nezsurtr.g interplanetary f i L  2., 

and charged particles. Tha-e are  two e:icesticris io this category; namely, a mr - 

surement  of th2 density of interplanetary dust anti an observation of the neutral  

hydrogeil geocorona.. 

The charged-particle measurcmulAts  will be ca r r i ed  out by instruments 

covering a range of energies. A t  tne lowest energy range,- there  are electrostat ic  

analyzers  capable of examining the spectrum of protons f r o m  0 to 5000 electron vol., 

. sild the spectrum of electrons up to a icv; kundred electrcr? volts. These andyzer-s  

wil l  thus be the f i r s t  ones flown which cxtezci thzir  measurements  into this very I,;-., 

region, character is t ic  of the hypothesized solar wiiid. Mediurr,-rar,=e par t ic les  -.Y. - 

S e  detected by a group of counters relying bo& on ;he so l id - sx te  sro?c-rrjr of sex.-- 

conductors and on traditional geiger xiScs. Ionization c h m b e r s  such 3s  tk9,ze fi..,. .: 

on balloons in the Earth's azmosphere, 2nd trip!e-coincidence telescopes, S U C ? ~  z- 

those which were used on Pioneer  

men& by covering the highest energy ran;.e in the neighborhood of 1 0  to 13G A ~ e ~  for- 

will compie:e the charged-particle ~ e ~ s , . ~ - ~ -  

protons. 

Closeiy ZssociaTeG with thc behaviw of charged par t ic les  is, of C C U - P S ~ ,  -..c 

3 

- 
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n 3 1 ,IC i>L\ i l - rc t l  iiydi-ogcn cloud ~ - - O L I Z C ?  ti:c E ~ i - t h  ii:~ll !,z o~:;c: .vc~~ by a scannu?g 

tclLbcopc w!:lcli dclects sca t te red  radiation of the Ly:-n:c>-Apha frcqucncy. :is the 

spacccraf: rcccdcs from the Earth,   his tdcscope  wi l l  rcpcatcdly scan the  vicinity of 

the EarL>,  including in its success ive  pictures 3 l a rge r  and i a rge r  field of view, 

i' 

I 

"1 
1' 

i :le 1xicrome:coritc detectors  on the R X I ~ C P  wi l l  give mformation on both the 

I crier,-- 2nd momcntuiii of the par t ic les  striking it. 
L 

The seco;id group of Ranger spacec rd t ,  3 ,  4, and 5, a r e  mtcrided for lunar 
i 

eqiorz t ion .  Tablc 2 l i s t s  the experiments selected for these flights. AS the space- ! 

craf t  ~ p p r o 3 c h e s  the Moon, A succession of photographs v.41 be taden by a vidicon 

camera  vihich is aimed toward the lunar surface. The vidicon tube wiii er;l$oy a 2QO- 

line s c ~ a ,  and the optics .vi11 bc  such as to take a ?ictuTe measuring ap~ro :~ : i i i~ t -L~ iy  $5 

kilometers on a s ide a t  the initiation of the picture-tzklng sequence znc C C ~ ~ - C L S - ~ - Y  

stezdily to S O 0  merers  on a s ide  for the last picture e>;pec;ed to b e  successfzll3- 

$ 

1 

7 1  
I 

i b 

recovered f rom the data. While the vidicon is in operation, 2 gamma-ray sp2c2-o~:- 

e t c ,  positioned far f rom the spacecraf t  SI) 3s to avoid the effect of secondaries,  ~ x i 2  
t 

measure the ambient radioactivity in the region of the spectral  l ine associated wit.", 

+.e decay of potassium -10. This experiment has been s o  designed that, even if :he 

?rioon is coniposed of mater ia l  as low in naturzl rzdioactivity as the chondritic iliete- 

or i tes ,  the detector wil l  observe  the lunar  potassium 40 i ine above the ixckgi-ax:d 

expected f rom interplanetary and cosmic -ray SOIITCC-s. 

d 

< 

i 

*\ 

I 

Tne se ismometer  c a r r i e d  in the capsule cf Racp.zr 3 ,  G, and 5 is designee! TCI 

wi:hszand the  i x p a c t  7;ihich it is expccied to cxycrience, sild to operate  therezit:; -'u- 

a period of 30 to 60 days. Even if zo internal seisrnlc activizy occurs  on the Noon, 1: 

is iikely that the impact or" meteor i tes  on the Moon :vSl c:ezLc sufficient se i smic  dis- 

turbances to  be detected by this d w k e .  
* 

6 



field. 

shielded 3s l i t t le a s  possible by the s t r u c t u r e  0;' the s;;scecralt. 

a m l y z c r s  c r e  positioned so that they can see f r e e l y  S ~ O I I ~  opposite directions of ezch 

T!:e ionization chamber  is below it, 1oc;:ed i : ~  3 ! ;os i t i~n  \:.>ol-e it 7;;ii; bc 
* 

The si:{ c!octrostatic 

of : k e e  cocrdinate axes. 

t cde-cont~o? system hzs successfully aimed the ssacecraf t  directly at the Sun. The 

. .  
BS:,ITCCZ -control system will thereafter maintain this aiming direction tLroczhout the 

l ifetine of the experiment,  

Ezri:", with the same attitude-control system by meass of rolling the s p a c ~ c r z f ;  c r sund  

i:s ?o-citu&nal 1 1 3  axis af te r  the Sm directioil has  Seen fixed. 

ing I:-E axitcnna out f r o m  the spacecraft  to the appropriate angle, the  antenna c;1s be 

The direct icnd parabolic antenna wi l l  b e  a imed at  the 

In this ~ z y ,  a d  by :Az- 

. made to p o k t  at the Earth. 

Figcre 5 shows the proof-test model of ?,anger 1, a device ice..;ical in  

wa;J io the iiight model 5ilt one which will be srrbjecied to m x h  more  r igorocs tc:ctiiiz 

I 

netometer  is inside the fiberglass casing at the top of tile st i-uctwe; on a pl&:for;n 

near the b x e  severa1,of the c'r,arged par t ic le  detectors can be seen i n  t K s  2'igcI-c. 

A - l k s - k ~ e m  "s Fits properly around the base of thz S P ~ C ~ C T ~ T ~  2nd onto the mz-tinr; i) 

strac'iure. The hexagonal Sase of the spacecraft  can he seen between the nose co::r-i 

and Lye base st ructure .  Positioned &round this hexagonal base are  the s i x  b x e s  

r 



It can be Seen 

the superstructure  containing the scientific instrumer,ts has bee3  replaced by a snper -  

s;ructure s u p o r t i n g  an omnidirectional a:itemia and surroun&ng rhe lunar capsule 

toget lxr  with i t s  retromotor,  being developed by A eronutronic Corporation under sub- 

contract to the LaSoTatory. 

ComrnLnicatcs with the Ea r th  by means of a directional p ~ i ~ i b o l i c  aite.nna. 

This spacecraft  is also powered by s o l a r  panels 2nd 

,Approsirna;ely 3 0 kilometers above the luiar su-fsce, after +:-- spacecraf t  

has been propeyly positioned, the capsule, together with i t s  r e t ro rnoxr ,  wi l l  be 

letached frorn the parent spacecraft .  

The capsule is spur, to maintain its aiming di?ectio:i, T:iere?fter, the re:ro- 

rocket  is ignited, which slows down the ca?sule $ 0  a z e r o  speed relative io t he  l u r i ~ r  

surface a t  an altitude of about 400 meters .  The capsde then fai ls  f reely from t'nis 

altitude to iinpact with a speed of about 30 rr-eters p c ~  second. 

Varia2ons  in retromoto,- performznce will, of COL-S~?, r esu l t  ix a v ~ r i a t i o i i  of 

kn&n,o s2eeds. 

30 to 40 meters  per second. 

The expected standard deviation of landing speeds is approximately 

The landing capsule acd all of tile Listramentation wiih- 

in  it--that is, the seismometer ,  its amplifier, t ransrni thx,  and azteniia, power 

su??ly, righting rnechznism, temperature C G ~ X O :  deviec-, zeroirig motor, and aum - 
rnatic czli5ration device --have 211 beer1 desigzed io withsiznb severai thousand GIs  ~i 

imp act  ac ce L e r &tior,. 

. . .  
. .  

I 
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test .  

Detailed lists of experiments for  the f i r s t  fiights in  the p lamtzry  cxploratic:: 

p rogram have not yet  been fully formalized. 

Accdemy of Sciences' Space Science Eoard, zs well as groups of conscitalts wor!.: :<, 

i-ZovJever, corninittees of 'he Ns~~GIx.!  

with N-rlSA personnel to advise the S p a c e  Sciezce Stcer ing Commitzee of SASA ::c--d- 

quarters, have considered in  sGme detail xhe m ~ s r  pressing pro3lems of ~lmez: : ;  

. science which should be investigated with our ear l ies t  p o k e s .  

P 
c 

to make a single pass in the near viciiiity of Venils. 

experiments would b c  expected to pi-odzce thzir  resu l t s  only dcrir,g :he ,.crick ;: t:.: 

x a r - p a s s  of the planet. Others  w o d d  operate a l l  t h e  way from Ezrth to Venus. Tl.2 

magnetometer, for  example, is in t ~ s  la t ter  c iass  ana  conscqEenily wou:ci b.-.j:- ..- IC; .- c -  

designed to m-easure not oidy the f i e l d s  0: ti;e o;-der of a few gamrr,as vb.iiicl: a r c  

expected to occur iq h t e r p l x e t a r y  spzce, but aiso fields of a gauss :\.;?icii r.;.-x: a:L ..r 

in the ciose vicinity of 'Ge:xs. 

Some of the instrrtnc:;;s fL::- -.::c:~:c 

k spacecraft cissigned :a pass ciose I(; the p k i i z t  Xzrs  would carry ve;Jr 



. .  . .- ..  



* \  s 

. .  

ri.vcal ex t ra te r res t r ia l  life f o r r r , ~ .  

an  ecc:<.;y completely separate f rom the Ex*tl?, msy  byin? cs C!GSL.~ to the  under-  

stznciirig of the origin of liic. 

8 s  these will undoubtccily be surpassed by t he  rezii iy of the discovcrics which !ic 

bcforc uz. 

Thc ci;eifiicul ni:zl:ysils of such  life, cicv;-l~?i;lg in  

" 

But evzii the exci ' icxcni inherc:lt ir: such  i3ossibilirics 

.. 
< 
-' 

. . .  . . . .  ....... . . . .  ..... . . . . . . .  . 

- . . _ _  



Elcctros tatic 
nnaly-ers 

Cosniic -Gust detectors 

I 
I 

I 
I 
f 

I 
I 
I 
1 
i 
: 
i 
I 

j 

1 
i 
j 
i 

i 
! 
j 

I 

i 

I 
I 
t 

i I 

University of Chicn2-o / C .  'IT. Fzn, 
P. Xeyer,  m c i  3. -2 .  Simpson 

Cslifornia  Ins t i tu te  or Technology and JPL / 
13. V. K d i e r  and H .  R. Anderson 

JPL/IT. Scugebauer 2nd C. LV. Snyder 

J 



1 

. C q  sule: 
S ci s rnology 

Gus: 
2’no:ography of small 
lunar area 

vidicor: television 

gamrxi- ray 
spe c t r o  m-cter 

y-ray spectroscopy 

L 

3TL: 
E. F. 3 o t i e s  

1. Venus temperatures (surface, atnios$mre, ionosgherej 

2. Venus atmos_nheric com2ositia-i 

3. 

4. 

Venus and interplanztary n a p e t i c  iizl? 

Near-Venus and interplanetary dust  z.nd chzrgc: l;”rticie spectrurr: 
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Shnped-charge hole dr i l l  

G e o P hy s i c 2 1 ins t r u m e  nt pa c ka g e 
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t:? e r m a  1 difius ivity , 
density , harcines s, 
magnstic susceptibility, 
e 1 e c t rical r e  si s tivity ) 

1. Neutron activation 

2. X-ray spectrograph and 
diffractometer 

3. Gas chromatograph 

5. Absorption spectrophotometer 
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